(approx. 100 g.) were minced in a Waring Blendor and extracted with -OQiN-HCl (1 1.). The extract was filtered, centrifuged and then made alkaline with NaOH. Air was drawn through the mixture into a wash bottle containing 0-001N-HCl. At the end of an hour the wash bottle was removed and its contents evaporated almost to dryness. The solution was made up to 2 ml., and 0-1 ml. portions were taken for analysis. The results are shown in Fig. 6 . SUMMARY 1. A technique for the micro-estimation and separation of ammonia and the three methylamines is described.
trimethylamine, using a 4 ft. 4 mm. internal-diameter column.
The eetimation of the amine8 present in Chenopodium vulvaria L. The leaves from four plants of C. vulvaria L. (approx. 100 g.) were minced in a Waring Blendor and extracted with -OQiN-HCl (1 1.). The extract was filtered, centrifuged and then made alkaline with NaOH. Air was drawn through the mixture into a wash bottle containing 0-001N-HCl. At the end of an hour the wash bottle was removed and its contents evaporated almost to dryness. The solution was made up to 2 ml., and 0-1 ml. portions were taken for analysis. The results are shown in Fig. 6 . SUMMARY 1. A technique for the micro-estimation and separation of ammonia and the three methylamines is described.
2. Some factors influencing the relative positions of amines on gas-liquid partition chromatograms are discussed.
3. A method of applying the amines to the columns starting from a solution of the amine salts is described.
4. All the curves illustrated have been obtained by the use of the automatic recording burette described by . Three types of manual microburette are now described, together with appropriate titration procedures. GAS-LIQUID PARTITION CHROMATOGRAPHY separation of methylamine, ethylamine, isopropylamine, n-propylamine, i8obutylamine, n-butylamine, dii8opropylamine, i8oamylamine and namylamine at a temperature of 1000. The first few amines are not completely resolved, as the column has been run deliberately at a flow rate higher than that suitable for such separations in order to show as many amines as possible on a reasonable time scale. Diethylamine, sec.-butylamine and i8obutylamine have retention volumes s0 similar that they cannot be resolved on such a 4 ft. column. Curve B (Fig. 1) crease by a factor of 2-1-2-2 for an increase in chain length of one -CH2 group (a factor of 1-9-2-0 was found for the volatile fatty acids by . The primary i8oalkylamines show the same factor, as would be expected. The constancy of this factor shows that the van der Waals forces involved in interaction between the carbon chain of the amines and paraffin liquid phase on the columns increase by a constant amount for each additional -CH2 group. The fact that the primary i8oalkyl-amines are separated by a constant factor (1.3-1-4) from their straight-chain isomers indicates the Time (min.) Fig. 1 i8oamylamine, n-amylamine, di-n-propylamine, 4-methylpentyl-1-amine (i8o-hexylamine), n-hexylamine, di-8ec.-butylamine, n-heptylamine and di-nbutylamine at 100°and at a higher flow rate than that used to obtain curve A. In this case triethylamine and i8oamylamine run together as do di8ec.-butylamine, diiaobutylamine and cyclohexylamine. Tri-n-propylamine overlaps n-heptylamine. . The difference, however, should be sufficient to allow the two amines to be separated in an 11 ft. column .
The slope of the line connecting the points for the secondary straight-chain amines is slightly less than that connecting the points for the primary amines (Fig. 2) . The slope of the tertiary amine line is markedly less, confirming the suggestion made by Primary and secondary amines contain both active hydrogen atoms (---H-N=) and donor atoms (---N_) capable of forming hydrogen bonds with suitable groups, e.g. the hydroxyl group of an alcohol, the resulting association complexes being of the types (a) R2N-H---O(H)-R' and (b) R3N---H-O-R. With solvents such as ethers, which unlike alcohols contain only donor atoms, only one type of hydrogen bonding is possible, namely, (c) R2N-H---O-R'(R'). Tertiary amines possess no active hydrogen atoms and thus form associated complexes only with alcohols (type (b)) and not with ethers. 'Lubrol MO' (a polyethyleneoxide-long-chain alcohol condensate) probably has the repeating structure
and with few if any hydroxyl groups. Only primary and secondary amines would be expected to show strong hydrogen bonding with this solvent. On this basis it would be expected that primary and secondary amines would have greater retention volumes on columns having Lubrol MO as the stationary phase than on columns having liquid paraffin as stationary phase, whilst tertiary amines would have similar retention volumes on both columns (assuming the van der Waals forces to be of the same order in both solvents). Identification of aliphatic amines This property of hydrogen bonding with the solvent can be used to decide whether a given amine is primary, secondary or tertiary, or diacidic by measuring its relative retention volume on the two types of column and finding on which line of the graph in Fig. 3 the values fall. In addition, where zones of two or more amines of differing basic strength overlap on liquid paraffin columns, the amines can be separated by re-running on Lubrol MO columns. In this way dimethylamine and ethylamine; diethylamine and i8o-or 8ec.-butylamine; ethylenediamine and n-butylamine; triethylamine and i8oamylamine; cyclohexylamine and dii8o-or di-8ec.-butylamine, can be separated. Of the 27 amines examined only two pairs, i8o-and sec.-butylamine; diiso-and di-8ec.-butylamine cannot be separated on 4 ft. columns of either solvent. The order ofhydrogen-bonding strength probably follows that of basicity of the amines (primary and secondary > tertiary) and, on columns having Lubrol MO as the stationary phase, secondary and tertiary bases run more rapidly with respect to a given primary amine than on columns having liquid paraffin as the stationary phase. In Table 1 is shown a comparison of relative retention volumes of a series of 27 amines on both types of column. Fig. 3 In Table 3 the increases in retention volume for an increase of chain length of one -CH2 group in primary, secondary and tertiary amines are compared for both types of column. The constancy of these factors allows the prediction of position of any primary, secondary or tertiary amine (having straight or branched chains) provided the retention volume of any other amine in the correct homologous series is known.
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A. T. JAMES Pyridine homologues Fig. 4 (curve A) shows the separation of pyridine, a-picoline, y-picoline, 2:6-lutidine, 2:4-lutidine and 2:4:6-collidine on a 4 ft. column at 1370 using liquid paraffin as the stationary phase. P-Picoline and ypicoline cannot be separated; the two zones overlap completely. In Table 4 a comparison of the silicone DC 550, Lubrol MO and liquid paraffin as stationary phases is made and it can be seen that liquid paraffin is superior, in that it allows a separation of ypicoline and 2:6-lutidine. The hydrogen-bonding and 2:4:6-collidine. The 2:6-lutidine fraction contains a-picoline, y-and/or ,B-picoline, and 2:6-lutidine; the 2:4-lutidine fraction contains a small amount (approx. 4%) of y-and/or P-picoline and the 2:4:6-collidine contains a small amount of 2:4-lutidine. The increased width of the collidine zone shows more than one ofits isomers to be present. This method of analysis of coal-tar fractions should allow some approach to be made to the standardization of the lutidine and collidine fractions used in paper chromatography, where considerable variations in R, values are found when different samples are used. ( and D (Fig. 4) show the behaviour of commercial samples of 2:6-lutidine, 2:4-lutidine EXPERIMENTAL Preparation of columns. The columns were of the size (4 ft. long and 4 mm. internal diameter) described by . The kieselguhr used was prepared as described by . The liquid phases of liquid paraffin, 'Lubrol MO' (Imperial Chemical Industries Ltd.) and DC550 (Midland Silicones Ltd.) were added to the kieselguhr in the proportion of 3 g. of liquid phase to 7 g. of kieselguhr.
Procedure. The amines were added to the columns with a micropipette either in ethanolic solution (33 %, w/w) or as the pure dry amine. The titrations were carried out using the automatic recording burette ofJames & Martin (1952) filled with 004N-H2SO4. The burette has been modified to take two burette tubes held parallel to one another, one containing dilute acid, the other dilute alkali. While one is in operation connected to the titration cell, the other is con-
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nected only to its reservoir. In this way either bases or acids may be titrated without having to empty and refill the burette. The indicator used was methyl red in saturated aqueous solution. For further experimental details the two earlier papers should be consulted.
SUMMARY
1. The separation and micro-estimation of a series of aliphatic primary, secondary and tertiary amines is described.
2. A straight-line relationship is obtained when the logarithms of the retention volumes are plotted against the number of carbon atoms for each type of primary, secondary and tertiary amine. By means of this relationship the relative retention volume of any amine may be predicted provided the retention volume of any other member in the correct homologous series is known.
3. The utilization of columns having polar and non-polar liquid phases to determine whether an unknown amine is primary, secondary or tertiary is described. A plot of the relative retention volumes of primary, secondary and tertiary amines on paraffin against those obtained with 'Lubrol MO' liquid phases shows the values for each type of amine to fall on straight lines of different slope. 4. Out of 27 amines containing from 1 to 12 carbon atoms only two pairs (i8o-and sec.-butylamine; dii8o-and di-8ec.-butylamine) cannot be separated on 4 ft. columns.
5. The separation of the homologues of pyridine is described as a suitable method for the approximate standardization of pyridine bases for chromatographic use.
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